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RESUMEN GENERAL

EFECTO DE LA TEMPERATURA DE EXTRACCION SOBRE LAS
PROPIEDADES DE GOMA DE SEMILLA DE CHIRIMOYA

La chirimoya (Annona cherimola Mill.) es un cultivo tropical que se cultiva en
regiones tropicales y subtropicales de Ameérica Latina. Generalmente, solo se
utiliza la pulpa del fruto, dejando la cascara y las semillas como subproductos
agroindustriales. El objetivo de este estudio fue desarrollar un método para
extraer la goma contenida en las semillas de chirimoya en funcién de la
temperatura y evaluar sus efectos sobre las propiedades funcionales y
fisicoquimicas. Se obtuvo un compuesto de semillas de chirimoya (CC) mediante
extraccion acuosa de harina del endospermo desgrasada a diferentes
temperaturas (70, 80 y 90 °C), y se caracterizé en cuanto a sus propiedades
fisicoquimicas, funcionales y digestibilidad proteica in vitro. El andlisis por
microscopia reveld6 que el CC presenta una estructura en capas,
independientemente de la temperatura de extraccion. La actividad antioxidante
se vio favorecida por el aumento de la temperatura de extraccién, mientras que
el contenido de proteina disminuy6 y su digestibilidad aumenté. En general, los
resultados indican que el CC tiene un gran potencial de aplicacion en la industria
alimentaria como estabilizante de emulsiones, aditivo proteico y agente
espesante.

Palabras clave: Annona cherimola, glicofructano, compuesto de semillas de
chirimoya, extracciébn acuosa, propiedades fisicoquimicas, desnaturalizacion
proteica.
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GENERAL ABSTRACT

EFFECT OF EXTRACTION TEMPERATURE ON THE PROPERTIES OF
CHERIMOYA SEED GUM

Cherimoya (Annona cherimola Mill.) is a tropical crop cultivated throughout
tropical and subtropical regions of Latin America. Only the fruit pulp is typically
utilized, leaving the peel and seeds as agroindustrial byproducts. The aim of this
study was to develop a method for extracting the gum contained in cherimoya
seeds based on temperature, and to evaluate its effects on functional and
physicochemical properties. A cherimoya seed composite (CC) was obtained
through aqueous extraction of defatted kernel flour at different temperatures (70,
80, and 90 °C), and was characterized in terms of its physicochemical, functional,
and in vitro protein digestibility properties. Microscopy analysis revealed that the
CC exhibits a layered structure, regardless of the extraction temperature.
Antioxidant activity was positively influenced by the extraction temperature, while
protein content decreased and digestibility increased. Overall, the results indicate
that the CC has strong potential for application in the food industry as an emulsion
stabilizer, protein additive, and thickening agent.

Key words: Annona cherimola, glycofructan, cherimoya seed composite,
agueous extraction, physicochemical properties, protein denaturation.

Doctoral Thesis in Ciencias Agroalimentarias, Postgraduate Program en Ciencia Y Tecnologia
Agroalimentaria, Universidad Auténoma Chapingo

Author: 1Al. Jairo Omar Ramirez Rojas

Thesis Director: Dra. Consuelo S. O. Lobato Calleros
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1. INTRODUCCION GENERAL

Las gomas de semillas de plantas (GSP) se han estudiado recientemente por sus
caracteristicas como biopolimeros emergentes, sus propiedades funcionales
(espesante, ligante de agua, gelificante, estabilizante y emulsionante), asi como
su potencial de aplicacion en la industria farmacéutica e industria alimentaria
(Archana et al., 2013; Soukoulis et al., 2018). Las GSP son ampliamente
disponibles, no toxicas, biodegradables y biocompatibles (Avachat et al., 2011).
De esta manera, las semillas de plantas procedentes de las industrias de
procesamiento agroalimentario son una fuente interesante y econdémica de
gomas con una amplia variedad de funciones utiles para la manufactura de

productos de valor afadido (Chandra et al., 2018; Ravindran y Jaiswal, 2015).

La familia de plantas Annonaceae incluye alrededor de 130 géneros y 2,300
especies distribuidas principalmente en zonas tropicales y subtropicales (Quilez
et al., 2018). La semilla de chirimoya es un subproducto de la industria de la pulpa
de chirimoya. Dentro género Annona, las especies que han alcanzado mayor
desarrollo comercial son: guanabana (Annona muricata L.), chirimoya (Annona
cherimola Mill) y saramuyo o anona (Annona squamosa L.) (Vidal et al., 2014). El
uso de las gomas en la industria alimentaria es muy extenso: helados, confiteria,
jugos de fruta, cerveza, vinos, quesos, mermeladas, aderezos, embutidos,
productos dietéticos, entre otros. En cada caso, las gomas desempefian un papel
muy caracteristico, gracias a las propiedades funcionales que desarrollan: mejora
en propiedades viscoelasticas (Yousefi, Ako & Jekle, 2024); incremento en la
capacidad de retencion de agua y aceite (Gong et al., 2024), mayor capacidad
emulsionante y espumante (Cai et al., 2023); estas ultimas dependen de diversos
factores, como: la concentracion de la goma, las sales minerales en el medio, el

pH, el uso individual o combinado de gomas (Badui, 2006).



Las gomas vegetales de uso generalizado son los galactomananos de semillas
de guar y algarrobo europeo, los exudados de acacia y karayay, goma arabiga y
tragacanto, las de las algas, carragenanos y alginatos. Todas ellas son conocidas
por sus aplicaciones tecnoldgico-alimentarias en todo el mundo (Mumtaz, 2019).
La goma de semilla de chirimoya (GC) por su parte, se puede considerar como
un biopolimero prometedor con posibles aplicaciones como estabilizante,
espesante, agente de viscosidad, emulsionante, gelificante, vehiculo de
farmacos, retardante en la liberacion de compuestos bioactivos y agente
aglutinante en las industrias farmacéutica y de alimentos (Joseph et al., 2012;
Mirhosseini y Amid, 2012).

Recientemente, la demanda de alimentos naturales por parte de los
consumidores ha incentivado la busqueda de fuentes alternativas de gomas
alimenticias, una de esas fuentes puede ser las semillas. Las gomas asi
obtenidas deben ser caracterizadas para determinar sus posibles aplicaciones.
En este contexto, los objetivos del presente trabajo fueron: establecer el método
de extraccion de la goma contenida en las semillas de chirimoya en funcion de la
temperatura (70, 80 y 90 °C), y evaluar el efecto que tiene en sus propiedades
funcionales vy fisicoquimicas. Ademas de contribuir al aprovechamiento de las
semillas de chirimoya que actualmente son un desecho agroindustrial y sentar
las bases para el uso de la GC a partir del conocimiento de sus propiedades

funcionales.

1.1. Justificacién

En los ultimos 20 afios se han realizado numerosos estudios sobre la extraccion,
caracterizacion, composicién quimica y propiedades fisicoquimicas de diversas
gomas de plantas con la finalidad de encontrar nuevas fuentes de biopolimeros
en las industrias farmacéutica y alimentaria, que ademas de poseer propiedades
funcionales especificas, sean amigables con el medio ambiente alimentaria
(Archana et al., 2013; Soukoulis et al., 2018). De esta manera, las semillas de
plantas procedentes de las industrias de procesamiento agroalimentario son una

fuente latente y econdmica de gomas con una amplia variedad de funciones utiles



para la manufactura de productos de valor afiadido (Chandra et al., 2018;

Ravindran y Jaiswal, 2015).

La semilla de chirimoya es una de las fracciones no comestibles del fruto, ademas
de no poseer algun tipo de aprovechamiento como subproducto agroindustrial en
México, representando 30 t (SIAP, 2022), afectando de manera negativa al
ambiente, en ese sentido, la goma contenida en la semilla de chirimoya (GC) no
ha sido estudiada como biopolimero, pudiendo poseer gran potencial de
aplicacion en las industrias ya mencionadas, debido a que sus propiedades
funcionales pueden ser Utiles para la produccion de alimentos procesados u otros
productos que demanden caracteristicas mecanicas, funcionales o de estabilidad

especificas; brindando asi una fuente alternativa de goma alimentaria.

Ademas de la importancia y buena seleccion del método de extraccion, se ha
demostrado que los métodos de purificacion de las gomas determinan en gran
medida sus propiedades fisicoquimicas y funcionales, y en consecuencia su
potencial de aplicacién. Cui et al (1994) estudiaron el efecto de la temperatura de
extraccion sobre el rendimiento, composicion y reologia de la goma de semilla de
lino; no dando por sentado el efecto de la temperatura de extraccion sobre las
propiedades funcionales, investigando mas a fondo la relacién estructura-funcion
pues sigue siendo ambigua. Es necesario, entonces, investigar el efecto de los
métodos de extraccion y de purificacion aplicados en la GC para determinar los
factores estructurales que vinculan la temperatura con las propiedades

funcionales.

Comprender las propiedades de los polimeros vegetales es importante a la hora
de optimizar su uso como agentes estabilizantes, espumantes y emulsificantes.
Qian et al (2012) encontraron que una fraccion acida con un contenido de
proteina del 8% p/p exhibia mejores propiedades emulsificantes y una mayor
actividad superficial que una fraccién neutra sin proteina. No obstante, Ding et al
(2014) informaron que una fraccion no proteica exhibio una mejor actividad
superficial que algunas fracciones con proteina. Los conocimientos que se
generen a partir de este estudio podran contribuir a la seleccién del proceso de

3



purificacion mas adecuado para la obtencidn de ciertas propiedades funcionales
en la goma, asi como la realizacion de ensayos para optimizar el proceso y
eficientizar los recursos; reutilizando un residuo agroindustrial y contribuyendo

positivamente al entorno de una manera socialmente responsable.

1.2. Hipotesis

La variacion en la temperatura de extraccion durante la solubilizacion acuosa (70,
80 y 90 °C) afectara las propiedades fisicoquimicas y funcionales de la goma de
semilla de chirimoya.

1.3. Objetivo general

Evaluar el efecto de la temperatura de extraccién en la goma de semilla de
chirimoya (Annona cherimola Mill.) sobre sus propiedades fisicoquimicas y
funcionales, mediante variaciones de temperatura en la extraccion acuosa, con
el fin de determinar las condiciones Optimas y mejorar sus propiedades

tecnofuncionales.

1.4. Objetivos particulares

1. Establecer el proceso de extraccién de goma de semilla de chirimoya (GC)
como funcién de la temperatura: 70, 80 y 90 °C.

2. Analizar el efecto de la temperatura de extraccion sobre el rendimiento y
las propiedades fisicoquimicas, como la composicién quimico proximal,
actividad acuosa (Aw), color, densidad aparente y real, y los indices de
cohesién y compresiéon de la GC.

3. Evaluar el efecto de la temperatura de extraccion sobre las propiedades
funcionales, como capacidad de absorcion de agua, solubilidad, capacidad
de retencion de aceite, indice de hinchamiento, capacidad emulsificante y
capacidad en la formacion de espuma de la GC.

1.5. Estructura de la tesis

La tesis cuenta con 4 capitulos. El capitulo uno contiene la Introduccion general.
En el capitulo dos se presenta la informacion derivada de la revision bibliografica

como aquella econométrica, de produccion y composicion del fruto de chirimoya,

4



abordada desde el ambito internacional hasta la produccion en México. En el
capitulo tres se presenta la caracterizacion fisicoquimica y funcional de las gomas

de semilla de chirimoya extraidas a distintas temperaturas (70, 80 y 90 °C).

Finalmente, el capitulo cuatro incluye las conclusiones generales del proyecto de

investigacion realizado.
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2. REVISION DE LITERATURA

2.1. Gomas de semillas de plantas

2.1.1. Conceptualizacion de goma de semillas de plantas

A las gomas obtenidas de plantas, ya sea después del proceso de exudacion
natural o empleando la extraccion de tejidos de diferentes partes botanicas se les
denominan gomas vegetales (Petrea et al., 2013). Quimicamente, las gomas son
polisacéaridos en el que diferentes unidades de monosacaridos se unen a través

de enlaces glucosidicos (Izydorczyk et al., 2005).

El uso de las gomas en la industria alimentaria es muy extenso: helados,
confiteria, jugos de fruta, cerveza, vinos, quesos, mermeladas, aderezos,
embutidos, productos dietéticos, entre otros. En cada caso, las gomas
desempeifian un papel muy caracteristico, gracias a las propiedades funcionales
que desarrollan; estas Ultimas dependen de diversos factores como la
concentracion de la goma, las sales minerales en el medio, el pH, el uso individual

o combinado de gomas (Badui, 2006).

Las gomas vegetales de uso generalizado son los galactomananos de semillas
de guar y algarrobo europeo, los exudados de acacia y karayay, goma arabiga y
tragacanto, las de las algas, carragenanos y alginatos. Todos ellas son conocidas
por sus aplicaciones tecnoldgico-alimentarias en todo el mundo (Mumtaz et al.,
2019).

2.1.2. Fuente y denominacion de las gomas de plantas

Las gomas se conocen como polisacaridos complejos de diversas fuentes, por

ejemplo, endospermo de semillas de plantas (goma guar), exudados de plantas



(tragacanto), exudados de arboles o arbustos (goma arabiga, goma karaya (KG),
mezquite y tragacanto), extractos de algas marinas (agar), bacterias (goma
xantana) y fuentes animales (quitina y condroitina sulfato) (Laaman, 2011;
Vernon-Carter, Beristain & Pedroza-Islas, 2000; Williams, Phillips & de Vries,
2009).

Los hidrocoloides naturales se pueden utilizar como fibra dietética, modificadores
de textura, agentes gelificantes, espesantes, estabilizantes, asi como
emulsionantes, agentes de recubrimiento y peliculas de embalaje. Las
propiedades fisicoquimicas y funcionales de la goma de origen vegetal estan
influenciadas por la composicién quimica, la estructura molecular, la extraccion y
las condiciones de procesamiento posteriores (Williams, Phillips & de Vries,
2009).

En los ultimos afios, la demanda de hidrocoloide de origen vegetal se ha
incrementado considerablemente debido a que son el ingrediente mas notable en
alimentos liquidos y semisolidos (Williams, Phillips & de Vries, 2009). Varias
partes de la planta (por ejemplo, las paredes celulares de las plantas, los
exudados de los arboles, las semillas, los tubérculos/raices y las algas marinas)
tienen células superficiales que contienen gomas, mucilagos, fibra y compuestos
proteicos. De hecho, los exudados de goma vegetal son producidos por las
plantas como resultado de los mecanismos de protecciobn contra lesiones

mecanicas o microbianas (Rana et al., 2011).

2.2. Gomas obtenidas de semillas de plantas

2.2.1. Fuente y composicion quimica

Las gomas de semillas de plantas (GSP) han recibido recientemente gran
atencion como biopolimeros emergentes (Cuadro 1) debido a sus propiedades
funcionales (espesante, ligante de agua, gelificante, estabilizante y emulsificante)
y a su potencial de aplicacion en las industrias farmacéutica y alimentaria
(Archana et al., 2013; Soukoulis et al., 2018).



Cuadro 1.

Fuente y composicion de monosacaridos de gomas de
semillas/mucilagos.

Composicion de

Goma Fuente Referencia
monosacaridos
Guar Cyamopsis Unidades de Reid (1985);
tetragonolobus manopiranosilo y Mumtaz &
y C. psoraloids galactopiranosilo Ahmed (2017).
(proporcion 2: 1)
Semilla de Prosopis Galactopiranosilo y Ibanez y
mezquite flexuosa, manopiranosilo en wuna Ferrero (2003);
Prosopis cadena principal (relacion Vernon-Carter,
africana, y 2: 1) unida con unidades Beristain &
Prosopis de arabinosilo, Pedroza-Islas
Juliflora, ramnopiranosilo, (2000); Achi y
Prosopis spp.  glucuronosilo y Okolo (2010);
metilglucuronosilo Rincon et al.,
(2014).
Tamarindo  Tamarindus Glucosilo: xilosilo:  Gerard (1980);
indica galactosilo (relacion 3:2:1)  Crispin-Isidro et
al., (2019).
Semilla de Annona Galactosilo Torres et al.,
guanabana muricata (2013).

Fuente: elaboracién propia.

Ademas, las GSP son ampliamente disponibles, no toxicas, biodegradables y

biocompatibles (Avachat et al., 2011; Badu, Thompson & Boamah, 2025). Las

semillas de plantas procedentes de

las

industrias de procesamiento

agroalimentario son una fuente interesante y econdmica de gomas con una
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amplia variedad de funciones utiles para la manufactura de productos de valor
afiadido (Chandra et al., 2018; Ravindran y Jaiswal, 2015).

Recientemente, la demanda de alimentos naturales por parte de los
consumidores ha incentivado la busqueda de fuentes alternativas de gomas
alimenticias, una de esas fuentes puede ser las semillas. Para determinar sus
posibles aplicaciones, las gomas obtenidas deben ser caracterizadas empleando

diversos andlisis, entre los que se encuentran los expuestos a continuacion.

2.2.2. Composicion de monosacaridos

La composicion de las gomas de semillas de plantas es amplia y ésta dependera
de la fuente vegetal. EI Cuadro 2, concentra los monosacaridos encontrados en

algunas gomas de semillas de plantas.

Cuadro 2. Monosacéridos presentes en algunas gomas de semillas de plantas.

Nombre de la

Origen Monosacaridos Fuente
goma
Chaenomeles sinensis Glucosa-xilosa Xiloglucano Cai et al.
g (2023).
. . Niknam et al.
Gleditsia caspica Manosa-galactosa Galactomanano
(2021).
Cassia tota Manosa-galactosa Galactomanano Lietal. (2020).
Linum usitatissimum  Xilosa-arabinosa Arabinoxilano Kaushik et al.
(2017).
Tamarindus indica Glucosa-xilosa Xiloglucano Alpizar-Reyes
g et al. (2017).
. Malafaia et al.
Allium ampeloprasum Glucosa-fructosa  Glucofructano (2015)

Fuente: elaboracién propia.

2.2.3. Composicion de aminoacidos

Las gomas se conocen como polisacaridos complejos de diversas fuentes,
mismas que pueden poseer células superficiales que contienen gomas,

mucilagos, fibra y compuestos proteicos. Aunque se busca conocer
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principalmente las propiedades tecnofuncionales atribuidas por los
carbohidratos. Aunque en la actualidad, no hay informacién sobre el perfil de
aminoacidos en las gomas, es importante sefialar que el contenido proteico
puede modificar el comportamiento de dichas propiedades, por lo que en

ocasiones resulta importante investigar la calidad y composicion de la proteina.

2.3. Métodos de extraccion y purificacién

Los diferentes métodos de extraccion dan lugar a cambios en los atributos
estructurales del compuesto. Por ejemplo, la hidrélisis enzimética puede interferir
con las cadenas quimicas de celulosa, hemicelulosa y lignina (Santala et al.,
2014), mientras que la exposicién a microondas y ultrasonidos podria romper la
pared celular y alterar la morfologia y estructura del polimero de carbohidratos
(Chen et al., 2022). Las caracteristicas estructurales de los polisacaridos podrian
analizarse, entre otras cosas, mediante el uso de difraccion de rayos X (DRX),
espectroscopia infrarroja por transformada de Fourier (FTIR) y microscopia
electrénica de barrido (SEM) (Shen et al., 2025). Las funciones de las gomas de
las semillas como espesantes, estabilizantes, emulsionantes o agentes
espumantes se ven afectadas por su estructura y caracteristicas fisicoquimicas
(Lépez-Franco et al., 2013). Ademas, los diferentes métodos de extraccion y
purificacion también afectan a los atributos funcionales de las gomas (Rashid et
al., 2018).

2.4. Biopolimeros

2.4.1. Biopolimeros como una alternativa de consumo

Las gomas son polisacaridos solubles en agua que se utilizan en las industrias
alimentaria, farmacéutica y cosmética. Las gomas de semilla son las preferidas
entre los hidrocoloides comercializados debido a su disponibilidad, bajo precio y
caracteristicas deseables (Naji et al., 2013; Niknam et al., 2020). Ademas, las
gomas de semillas son bien conocidas por sus funciones como estabilizantes,
espesantes y emulsionantes en funcion de sus propiedades fisicoquimicas
especificas (Vilar6 et al., 2018). En términos de aplicacién comercial, la goma

guar (GG) y la goma garrofin (LBG) son las gomas de semillas mas utilizadas
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debido a su propiedad de viscosidad (Castafieda-Ovando et al., 2020). Ademas,
existe una gran demanda de hidrocoloides para la industria alimentaria, en
particular para la fabricacion de productos alimenticios innovadores con
excelentes propiedades gustativas y beneficiosas para la salud (Douaire y
Norton, 2013).

Por otro lado, Avatach et al. (2011) mencionaron que las gomas de semillas
plantas tienen diversas ventajas en comparacion con polimeros sintéticos,
destacandose entre las principales: no toxicidad, amplia disponibilidad vy
distribucion, econémicas, biodegradables y biocompatibles (en formulacién de

medicamentos).

2.4.2. Perspectivas del uso de gomas vegetales en alimentos funcionales y

nutracéuticos.

2.5. Annona cherimola Mill.

El ser humano se ha centrado en los beneficios de los alimentos para mejorar la
salud y la calidad de vida (Hernandez-Garcia, 2020). Ademas de su valor
nutritivo, los alimentos funcionales contienen componentes biolégicamente
activos que reducen el riesgo de enfermedades. Estos alimentos pueden ser
naturales o modificados, con componentes afiadidos, eliminados o alterados en
su biodisponibilidad (Beltran, 2016).

Entre los componentes funcionales méas destacados se encuentran las gomas,
sustancias que, por su origen vegetal o biotecnoldgico, presentan propiedades
beneficiosas para la salud. Estas, al provenir de extractos de plantas, exudados,
semillas o ser producidas biotecnolégicamente, pueden actuar como fibra
soluble, mejorando la saciedad al modificar la textura de los alimentos. Ademas,
incrementan la viscosidad y algunas forman geles, contribuyendo a la mejora de

la saciedad (Fiszman y Varela, 2013).

En este sentido, ciertos polisacaridos vegetales también han sido estudiados por

sus efectos funcionales, especialmente aquellos con capacidad prebidtica. Por
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ejemplo, Qi et al. (2024) reportaron que la administracion in vitro del polisacéarido
de Polygonatum sibiricum, compuesto principalmente por fructosa y glucosa (F/G
= 0.054), tuvo efectos positivos como prebiético y regulador de la microbiota
intestinal. Se ha informado que los glucofructanos se utilizan como posibles
sustitutos bajos en calorias y no cancerigenos en dulces, bebidas, carnes
procesadas y productos lacteos, actuando como alimentos nutracéuticos
(Chacon-Villalobos, 2006).

2.5.1. Origen y distribucion

La chirimoya (Annona cherimola Mill.) pertenece a la familia de las anonaceas,
cuya familia es importante desde el punto de vista evolutivo y econémico. La
familia Annonaceae cuenta con 130 géneros y 2, 300 especies reconocidas
alrededor del mundo (Quilez et al., 2018), es la méas sobresaliente dentro del
orden Magnoliales, la cual se encuentra entre las angiospermas mas primitivas.
Cerca de 900 especies son neotropicales, 450 son afrotropicales y las otras
especies son de la region indomalaya (Monroy y Marroquin, 2008). Entre las
especies de la familia Annonaceae se incluyen &rboles, arbustos y lianas
distribuidas ampliamente en bosques tropicales del mundo (Couvreur et al.,
2012). Los unicos géneros de las anonaceas que presentan especies con frutos

comestibles son: Annona, Rollinia, Uvaria y Asimina (Chatrou, 1999).

El género Annona L. esta constituido por alrededor de 110 especies de América
tropical y subtropical, de las cuales 15 se encuentran en México, presentando asi
un potencial agronémico alto (Hernandez-Fuentes et al., 2016). Las especies
comestibles con gran aceptacién en los mercados regionales e internacionales
incluyen la guanabana (Annona muricata L.), saramuyo (A. squamosa L.),
annona (A. reticulata L.), ilama (A. diversifolia Safford), chirimoya (A. cherimola
Mill.) y atemoya (A. cherimola x A. squamosa) (Elias y Cruz-Castillo, 2002). La
chirimoya es la Unica especie del género Annona que se desarrolla en los
subtrépicos. Su origen se ubica probablemente en el sur de Ecuador y norte de
Peru (Lizana y Reginato, 1990). El cultivo de esta especie actualmente se ha

extendido a América Central, México y las Antillas, Francia, Brasil, Italia, India,
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Israel, Filipinas, Egipto, entre otras regiones de clima subtropical (Andrés y
Segura, 2014).

Las especies que actualmente se cultivan de forma comercial en México son A.
cherimola y A. muricata, la primera en el Estado de México, Guanajuato,
Michoacan y Morelos; y la segunda en Veracruz, Tabasco, Nayarit, Colima,
Michoacan, Guerrero, Oaxaca y Chiapas. A nivel local, muchas especies son
utilizadas por su pulpa comestible, aroma, propiedades medicinales o en cercos
vivos. El uso de los recursos genéticos de las anonaceas es amplio y variado,
abarca desde el consumo de frutos en fresco, extraccion de pulpa para jugos,
yogures, helados y postres, hasta la extraccion de activos con propiedades

medicinales y antihelminticas (Hernandez-Fuentes et al., 2016).

2.5.2. Produccién mundial

La produccion de la chirimoya se encuentra establecida en muchos paises, que
la han considerado como una fruta con un potencial importante de ingresos
econdmicos, por lo que su cultivo se ha visto incrementado en los ultimos afios
(Figura 1).

Figura 1. Distribucion de cultivos de chirimoya en el mundo.
Fuente: Vasquez-Castillo et al. (2024).
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A nivel mundial, el cultivo comercial de chirimoya se ha desarrollado
principalmente en Espafa, Chile y Per(. En estos paises que han generado y
adaptado tecnologias se ha logrado sistematizar la produccion de esta fruta, que
es comercializada en los mercados de Europa, principalmente, y, en menor

escala, en Estados Unidos y Japon (Pérez et al., 2006; Pinto et al., 2005).

Por un lado, en el continente europeo, Diaz-Robledo (2004) menciona que la
chirimoya es una fruta que representa la flora tropical de Espafia, ya que produce
20, 000 t en 3, 600 ha de cultivo y se la considera como “la obra maestra de la
naturaleza”. Asimismo, este fruto también se encuentra en Italia (especificamente
en la zona de Calabria) en donde a 2014 se reporta la implementacion de manera
comercial de 10 productores, los cuales cosechan 100 t de chirimoya en 15 ha,
entre organicos y convencionales (Fresh Plaza, 2014).

Por otro lado, en el continente americano, de acuerdo con la FAO (2015),
California es el Unico estado en América del Norte que produce este fruto: 1, 000
t en 120 ha, destinadas tanto para mercado local como de exportacion. En
América del Sur, Chile es el mayor productor, ya que cuenta con mas de 1, 000
ha de cultivo de chirimoya, destinadas principalmente al mercado de exportacion.
Propal S.A. es una de las empresas mas importantes en Chile; acopia el 85% de
la produccién para ser exportado, creando el consumo de chirimoya en Japon,
Taiwan y Hong Kong, lo cual representa alta rentabilidad y buenas caracteristicas
socioeconémicas de los productores de chirimoya. Adicionalmente, en Pera lo
producen, pero en menor cantidad, especificamente en los departamentos de
Lima, Piura y Cajamarca; ademas, en la zona de Huaura, los productores se
dedican al cultivo de chirimoya organica y, en Colombia, la produccion se centra
en las zonas de Antioquia, Cundinamarca y Narifio (Hernandez, 2010; Delgado,
2005). El Cuadro 3 recopila los reportes a 2005 de los principales paises

productores de la fruta.
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Cuadro 3. Principales paises productores de chirimoya.

Espafia

Italia

Estados
Unidos

Chile

Pert

Zona de produccion Andalucia :}E:g:a California C\cf; cp;;rrnak;:;c;y 2:;“: ::
Superficie plantada (ha) 3000 24 120 1000 3223 ‘
Produccién (t) 40 000 100 1000 25000 20000 ‘
Exportacién 10-15% 95 % 1% \

Fuente: Fernandez (2014), Fresh Plaza (2014), Hernandez (2010) y Kobashigawa (2018).

2.5.3. Produccion en México e importancia econdémica

Las especies de Annona que sobresalen en las estadisticas de produccién mas
importantes son la guandbana, la chirimoya y el saramuyo. De acuerdo con
estadisticas del Servicio de Informacion Agroalimentaria y Pesquera (SIAP) en
2023, la produccion registrada de chirimoya fue de 580.63 t, en 59.50 ha
sembradas entre Morelos y Michoacan, con un valor de produccion de 5, 284,
610 pesos; cabe mencionar que Morelos incrementd su produccién 575% con

respecto al afio pasado; aportando el 89.79% de la produccion total.

2.5.4. Fruto de Annona cherimola

El nombre chirimoya deriva del quechua “chirimoya” que significa semillas frias
(Bonavia et al., 2004). El arbol de chirimoya es pequefio, erguido, caducifolio y
puede alcanzar una altura de hasta 8 m. Tiene hojas simples, enteras, dispuestas
alternadamente y de formas ovaladas, lanceoladas o elipticas de 10 a 25 cm de
largo, glabras en la superficie ventral y pubescente dorsalmente (Manica, 1997).
La parte que mas se aprovecha del arbol es el fruto (infrutescencia), el cual es
denominado como polidrupa o sincarpo con los carpelos dispuestos en espiral

qgue se unen después de la fructificacion.

Cada uno de los frutos contiene una Unica semilla dura de color negro en forma
de frijol. El fruto es cénico o en forma de corazén, alcanza entre 10 y 25 cm de
longitud y hasta un maximo de 15 cm de anchura, con un peso promedio que
oscila entre 250 a 800 g. Cuando el fruto alcanza la madurez se torna de un color
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verde-amarillo; se considera que estda demasiado maduro cuando la cascara
adquiere un tono marrdn oscuro o negro. La piel del fruto es fina y delicada, puede
ser delgada o gruesa, suave, con marcas que se asemejan a huellas dactilares,
o0 estar cubierta de protuberancias de forma coénica o redondeada que
corresponden con la zona de union de los carpelos (Van Damme y Scheldeman,
2013). La pulpa puede ser de color blanco o amarillo crema, ligeramente acida y
fragante; posee una textura carnosa, blanda, cremosa, moderadamente jugosa,
tiene un agradable y delicado sabor. El fruto compuesto contiene numerosas
semillas, una por drupa (21 a 41 por infrutescencia) y llegan a medir
aproximadamente entre 1.5 a 2.0 cm de longitud y 1.0 cm de ancho (Cautin,
1998).

La chirimoya es una buena fuente de vitaminas B1, B2 y Bs, hierro, calcio y fésforo;
se consume principalmente como fruta fresca y se usa en la elaboracion de
helados, batidos de leche o sorbetes. También, el fruto se procesa en forma de
yogur, flan, jugos y vinos. Las semillas trituradas se pueden usar como
bioinsecticidas y las acetogeninas presentes en estas semillas poseen algunas
propiedades farmacoldgicas (Biodiversity International, 2008). Ademas, el jugo
obtenido de esta fruta presenta una elevada actividad antioxidante (Gupta-Elera
et al., 2011).

Albuquerque et al. (2016) determinaron la composicion nutricional de la pulpa de
cuatro cultivares de chirimoya (Cuadro 4). También, se han cuantificado los
fenoles totales de pulpa de chirimoya (Annona cherimolia) en extractos organicos

polares como acetona: agua y metanol: agua (Vasco et al., 2008).
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Cuadro 4. Composicion nutricional y valor energético, por cada 100 gramos de
porcion comestible en base himeda, de la pulpa de cuatro cultivares de Annona
cherimola Mill.

Cultivar
Componente
Funchal Madeira Mateus Il Perry
Vidal
Energia 376 (89) 429 (102) 378 (89) 345 (81)
(kJ (kcal))
Humedad (g) 76.1£0.9 71.5+0.0 75.9+0.3 78.3+0.1
Cenizas (9) 0.372+0.0 0.556 £ 0.0 0.547 £0.0 0.510+0.0

Proteina total ()

(NCF = 6.25) 1.96 +0.0 1.48+0.1 1.78 +0.0 1.36 £ 0.0

Grasatotal ()  0.176+0.0 0.103+0.0 0.133+0.0  0.156 % 0.0

Carbohidratos 182409  21.1+02 18.8 +0.4 17.6+0.1
disponibles (g)

Los valores son medias de tres muestras + desviacion estandar. NCF: Factor de conversion de
nitrégeno.

Fuente: Albuquerque et al. (2016).

2.5.5. Subproductos agroindustriales en la producciéon de chirimoya y su

valorizacion

Durante el procesamiento del fruto de chirimoya, Unicamente se aprovecha la
pulpa, dejando de lado dos de sus fracciones no comestibles: cascara y semilla.
No obstante, hay estudios en torno a estos subproductos agroindustriales que
brindan informacién para su posible aprovechamiento. Apolonio et al. (2015)

evaluaron variables biofisicas, entre las se encuentran los porcentajes
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correspondientes a los distintos componentes del fruto de chirimoya de los

cultivares 'Campas’, 'White’ y 'Bonita’ (Cuadro 5).

Cuadro 5. Variables biofisicas de frutos de chirimoya de los
cultivares 'Campas’, 'White’ y 'Bonita’.

Cultivar Peso fruto (g) Pulpa (%) Céscara (%)  Semilla (%)
Campas 600.03 93.70 1.97 4.33
White 400.21 83.75 10.42 5.83
Bonita 461.12 79.02 12.24 8.74

Fuente: Apolonio et al. (2015).

La especie Annona cherimola de la familia Annonaceae se caracteriza por la
presencia de numerosas sustancias bioactivas de diversa naturaleza quimica en
hojas, raiz, frutos y semillas (Garcia-Barraga, 1974). Leboeuf et al. (1982)
mencionan que las semillas contienen triacilgliceroles formados por acidos
grasos saturados e insaturados; los mas caracteristicos son: acido linoleico,
acido oleico y &cido esteérico, entre otros. Garcia-Salas et al. (2016)
determinaron la composicion en acidos grasos del aceite de las semillas de dos

principales cultivares de chirimoya cultivados en Andalucia, Espafia (Cuadro 6).
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Cuadro 6. Contenidos de aceite y acidos grasos expresados en gramos por cada
100 gramos de ésteres metilicos de &cidos grasos en semillas de los cultivares
de chirimoya "Fino de Jinete" y "Campa”.

Cultivar
Fino de Jinete Campa
Contenido de aceite 1512 24.20

C120 0.02+00 0.02+0.00
C140 0.05+00 0.04+0.00
C150 0.03+0.00 0.02+0.00
C160 15.67+0.01 1290+0.01
cis-Cl6:1 0.14+0.01 0.10+0.00
C170 0.23+0.00 0.12+0.01
cis-C17:1 0.09+0.00 0.04+0.00
C180 4.41+0.01 423+0.00
cis9-C18:1 3248+0.03 4493+0.01
Ccis-11-C18:1 nd. n.d.
C18:2n-6 4372+0.02 35.20+0.02
C18:3n-6 0.120+0.005 0.073+0.009
C18:3n-3 2.02+0.00 125+0.01
C200 0.49+0.00 0.47+0.00
C20:1 0.21+0.00 0.27+£0.01
C20:2 0.02+0.00 0.01+0.00
C220 0.16+0.00 0.16+0.00
C222 0.03+0.00 0.02+0.00
C240 0.14+0.00 0.13+0.00
AGS 21.18+0.00 18.10£0.02
AGMI 3292+0.03 4534+001
AGPI 4590+0.03 36.56+0.01
AGI 78.82+0.00 81.90+0.02
AGS/AGI 0.27+0.00 0.22+0.00
n-3 202+0.00 1.25+0.00
n-6 43.84+0.03 35.28+0.01

Los valores son medias de tres muestras + desviacion estandar.; AGS: 4cido graso
saturado; AGMI: acido graso monoinsaturado; AGPI: acido graso poliinsaturado; AGI:
acido graso insaturado; n.d.: no detectado.

Fuente: Garcia-Salas et al. (2016)
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Rios et al. (1989) afirmaron que los aceites y otros extractos etandlicos y
metandlicos de la chirimoya (hojas, tallos, raices y semillas) contienen trazas de
acetogeninas de reconocida citotoxicidad, que le confieren propiedades
importantes e interés a esta familia botanica. Estudios recientes reportan hasta
22 compuestos polares en la semilla, encontrandose en mayor cantidad acido
citrico, hexoxido de acido vainilico y glucopirandsido de acido siringico (Garcia-

Salas et al., 2015), a los cuales se atribuyen las siguientes propiedades:

1. Acido citrico: Aditivo alimentario utilizado como conservador, antioxidante,
acidulante y saborizante, y comun en medicamentos (Mufioz-Villa et al.,
2014).

2. Los acidos fendlicos incluyen el &cido vainilico, usado como copigmento
de antocianinas (Ariza-Flores et al., 2014), y el acido siringico,
estabilizante fitoquimico (Pacheco-Palencia et al., 2008). Ambos tienen
propiedades antioxidantes que pueden reducir el riesgo de enfermedades
cardiovasculares (D’ Archivio et al., 2007; Rechner et al., 2002) y cancer
(Gong et al., 2019; Srinivasulu et al., 2018). Sin embargo, no se han

extraido ni cuantificado en la goma de semilla.
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3. Effect of the extraction temperature on the physicochemical, functional
and in vitro protein digestibility of cherimoya (Annona cherimola Mill.)
seed composite

ABSTRACT

Cherimoya (Annona cherimola Mill) is a tropical crop distributed throughout
tropical and sub-tropical regions in Latin-America. A cherimoya seeds composite
(CC) was obtained by aqueous extraction of defatted kernel flour at different
temperatures (70, 80 and 90 °C) and characterized for physicochemical,
functional and in vitro protein digestibility properties. Microscopy analysis
revealed that the CC has a layered structure, regardless of the extraction
temperature. The antioxidant activity was positively affected by the extraction
temperature, whilst the protein content and digestibility decreased and increased,
respectively. Overall, the results showed that the CC offers a good application
potential in the food industry, as emulsion stabilizer, proteinic additive and

thickener.
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3.1. Introduction

Annona cherimola Mill. tree, commonly known as cherimoya or apple custard, is
distributed throughout the tropical and subtropical regions of Latin-America and
Asia [1]. The leaves, pulp, bark, root, and seeds have been long used in medicine
as a source of biological compounds with pharmacological properties including
anthelmintic, anti-inflammatory, antihyperglycemic, antipyretic, antioxidant,
antimicrobial, healing and cytotoxic; and contain phytochemicals such as tannins,
alkaloids, phenols, glycosides, flavonoids and steroids [1, 2]. The fruit pulp which
has a very pleasant flavor, has gained worldwide attention due to its reported high
nutritional value, as it contains high amounts of A, B, C, E, and K1 vitamins,
antioxidants, polyunsaturated fatty acids, and the presence of essential minerals.
The pulp is also attributed with a high antioxidant activity, in vitro cancer activity
[1], contains acetogenins with antifeedant, antimalarial, cytotoxic, and
immunosuppressive activities, and diterpenes with anti-HIV principle and
antiplatelet aggregation [3]. All these attributes have made the pulp a highly
sought product. Spain is the leading producer of chirimoya worldwide having an
output of 43484 metric tons in 2023 [4], exporting 45% of the production [5]. Perq,
from where chirimoya is native, is the main Latin America producer with an output
of about 20000 annual metric tons [6]. The cherimoya pulp is slightly sweeter and
less fibrous than the guanabana (A. muricata) pulp, making it highly popular
among consumers. However, the cherimoya fruit undergoes a fast metabolic
process over a short period of time, so that most of the fruit is processed for

obtaining pulp.

The processing of the cherimoya fruit yields on average about 55% pulp, 32%
peel and 13% seeds on average. Thus, an ongoing research topic is to revalorize
fruit waste for obtaining value added products, and to contribute to reduce
environmental pollution [7]. There are several literature reports dealing with the
obtention of bioactive compounds from the peel and seed wastes of cherimoya
fruit processing, mostly concerned with the obtention of phenolic acids, flavonoids

and procyanidins, and the evaluation of their antioxidant properties [8]. However,
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there is a lack of studies dealing with the characterization of the physicochemical,
functional and protein digestibility properties of cherimoya extracts. In this regard,
the objective of this work was to extract cherimoya defatted kernel flour with water
as solvent, and to evaluate the effect of extraction temperature on the yield,
chemical composition, physicochemical, functional and digestibility properties of

the cherimoya seed composite (CC).

3.2. Materials and Methods

3.2.1. Vegetal Material

Cherimoya (Annona cherimola Mill.) fruits, also known as custard apple, were
obtained from Ocuituco, State of Morelos, Mexico (18° 52" 41" N, 98° 46' 31" W)
at an average altitude of 1933 m above sea level. The fruits were harvested
without any physical damage.

3.2.2. Defatted Kernel Flour (DKF)

The cherimoya seeds were manually extracted from the pulp, washed with
running water, disinfected with 1% v/v NaClO, and dried in an HCF-62 oven
(Riossa Digital, Mexico City, Mexico) at 35 °C for 24 h. The kernel fraction of the
seeds was obtained by manual separation of the coat. The kernel was pulverized
in a blender (Mod. mod. 465-15/13 2V, 500 W motor; Osterizer, Sunbeam
Mexicana, S.A. de C.V, Mexico City, Mexico) for two periods of 1 min each and
then subjected to a second grinding cycle in a food processor (Mod. NB-201, 600
W motor Nutribullet®, Marcas de Renombre, S.A. de C.V., Mexico City, Mexico)
for intervals of 20 s until completing 1 min. Subsequently, the kernel flour was
passed through a No. 20 sieve (0.840 mm) (MONTINOX, Mexico City, Mexico).
Finally, 60 g of kernel flour was defatted in a in a Soxhlet using hexane as solvent
(150 mL) for 6 h. The DKF was stored in amber glass containers until required for

its use [1].

3.2.3. Reagents
Hydrochloric acid (HCI), sodium hydroxide (NaOH), ethyl alcohol (96% v/v),

sodium nitrite, aluminum chloride, potassium iodate, tannic acid, Folin-Ciocalteau
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reagent, quercetin, gallic acid used were analytical grade. Glucose, fructose,
xylose, galactose, arabinose, and mannose were chromatographic grade, and all
were obtained from Sigma-Aldrich (Toluca, State of Mexico, Mexico). Canola oll
(Alimentos Capullo, Mexico City, Mexico) was used as the dispersed phase in
emulsions formation. Distilled and deionized water (DDW) was used in all

experiments.

3.2.4. Characterization of the Cherimoya Fruit

Thirty cherimoya fruits were randomly selected from a fruit batch, and
characterized for total, pulp, and seeds weight per fruit (g), seeds count per fruit,
mean seed mass (g) and seed index (humber of seeds in 100 g of pulp). In
addition, the length (cm), width (cm) and thickness of the seed (cm) were
measured, considering a sample of 100 seeds, using a digital micrometer (MCD-
1" PJ, Mitutoyo Corporation, Kanagawa, Japan).

3.2.5. Extraction of Cherimoya Seed Composite (CC)

Extraction of cherimoya seed composite was carried out as proposed by [2] with
slight modifications. DKF (60 g) was placed in a 2 L beaker and DDW was
incorporated at a ratio of 1:30 g DKF/mI DDW. The mixture was homogenized on
a magnetic plate (Mod. SP131635, Thermo Scientific CimarecTM, Essex, UK)
applying a level 9 of stirring, for 10 min. The dispersion was heated at 70 °C for
30 min and left to rest at 20 °C for 24 h to ensure composite release. The mixture
was stirred at 6000 rpm for 10 min with a homogenizer (Mod. RO 15 P S1, IKA-
Werke GmbH Co. KG, Staufen, Germany). Subsequently, the dispersion was
centrifuged at 10 °C for 15 min at 550 xg in a 5810 R centrifuge (Eppendorf, AG,

Hamburg, Germany) to separate and discard the undissolved material.

The composite was separated from the upper liquid by blending the solution with
96% ethanol in a 1:3 ml liquid/ml ethanol, applying constant stirring (5000 rpm)
for 10 min with the IKA-Werke homogenizer, and the mixture was allowed to stand
for 2 h at 20+1 °C. The precipitated composite was dried in an HCF-62 oven at

35 °C for 18 h [3] and crushed with a mortar and pestle until obtaining a fine
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powder which was coded as CC70, i.e., the cherimoya composite extracted at 70
°C. The above procedure was also performed at 80 and 90 °C, and the resulting
composite were coded as CC80 and CC90, respectively. The composite was
stored at refrigeration conditions (3 °C, 30% humidity) in amber bottles.

3.2.6. Yield

The percentage of dry composite obtained from 100 g of dried DKF was used to

express the yield [4], using the following expression:
. cc

where CC is the dry weight of composite (g) and DKF is the dry weight of the
defatted kernel flour (g).

3.2.7. Physicochemical Characterization

3.2.7.1. Proximal Chemical Analysis
Moisture, ether extract, ash, crude fiber, and protein content of CC were
determined according to the [5] standard methods: 925.23, 920.39, 945.46 and

920.105, respectively. The carbohydrate content was obtained by difference.

3.2.7.2. Monosaccharide Composition and Glucose:Fructose (G/F) Ratio

The monosaccharide composition was determined by quantitative analysis using
high-performance liquid chromatography (HPLC) following the methodology of [6],
but instead of determining the mannose-to-galactose ratio as in their case, we
ascertained the glucose to fructose ratio. Also, the hydrolysis stage conditions

were changed, where sulfuric acid hydrolysis was carried out at 100 °C for 3 h [7].

3.2.7.3. Color

The color was be evaluated using a Konica Minolta colorimeter (model CR 400,
Tokyo, Japan). CC samples (5 g) were placed in Petri dishes (5 cm diam) and the

Hunter L, a and b color parameters corresponding to luminosity (L*), green (- a*)
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or red (+ a*) and blue (- b*) or yellow (+ b*) were measured at 20 + 1 °C [8]. A
white calibration standard (Y = 87.3, x = 0.3153, y = 0.3226) was used as a

reference.

3.2.7.4. {-potential, Particle Size (dn), and Surface Morphology

CC dispersions (0.05% w/w) were adjusted to a pH range from 3 to 9, with
increments of two units, by the addition of 0.1 N HCI and/or 0.1 N NaOH. The CC
dispersions were placed in the test cell and the electrophoretic mobility was
measured with a Zetasizer Nano ZS90 equipment (Malvern Instruments Ltd.,
Malvern, Worcestershire, UK). The C-potential values of the CC dispersions were
obtained from the equipment software. The particle size of CC dispersions (0.01%
w/w) was determined by measuring the average hydrodynamic diameter (dn) with
the Zetasizer Nano equipment using a refractive index of 1.334 and an absorption
index of 0.001. A scanning electron microscope (SEM, QUANTA 450 FEI
Company, Hillsboro, NE, USA) was used for obtaining micrographs of the surface
morphology of CC powders. The samples were slightly gold-coated for
approximately 15 sec (~5 nm thickness) with a Sputter Coater (Agar Scientific,
Stanstead, Essex, UK). Microscope was operated at 17 kV and low-beam current.

Micrographs were captured at 1000x.

3.2.7.5. Water Activity (Aw)

The Aw of CC samples (1.5 g) was determined using the Aqualab series 3 free
water index instrument (Decagon Devices Inc., Pullman, WA, USA), previously
calibrated with deionized water. During the measurement, the temperature was

maintained at 25 + 1 °C.

3.2.7.6. Tapped density (TD), bulk density (BD), and powder cohesion (HR)
and compressibility (Cl) indexes

The TD (g mL) and BD (g mL™?) of the CCs were determined as described by [9].
The powder cohesion (HR) and compressibility (Cl) indexes were calculated

according to [10], using the following expressions:
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TD
HR = =2 (2)

1
=1-— 3)

where HR is the powder cohesion index, Cl is the compressibility index, TD is
tapped density, and BD is bulk density.

3.2.7.7. Swelling Index (SI)

The swelling index was estimated according to the procedure described by
Rashid et al. [11].

One gram of CC was placed in a 50 mL glass test tube; to which 25 mL of DDW
were added, followed by vortex agitation every five min until reaching a total time
of 1.5 h. The mixture was allowed to stand for 24 h at 4 £ 1 °C, and the volume
taken up by the composite was computed. The S| was determined using the

following expression:

) __ Swollen composite (g) — Dry composite (g)

SI (%

Dry composite (g) x100 (4)

3.2.7.8. Water Absorption Capacity (WAC) and Water Solubility Index (WSI)
The WAC of the CCs was determined as described by [12]. The swollen residue

was weighed, and the WAC was obtained using the following expression:

wf—wi

WAC (%) = x 100 (5)

where wf is the swollen CC weight (g), and wi is the CC initial weight (g).
The suspension was centrifuged in the 5810 R centrifuge, and the supernatant

was dried at 105 °C for 4 h to constant weight. Finally, the WSI was calculated

with the expression [13]:
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ws

WSI (%) = == x 100 (6)

where ws is the supernatant weight (g), and wi is the initial CC weight (g).

3.2.7.9. Oil Holding Capacity (OHC)
The OHC of the CCs was determined as described by [14], with minor

modifications. Briefly, 25 mL of extra virgin olive oil (Carbonara®, Walmart, Mexico
City, Mexico) was mixed with 250 mg of CC, followed by stirring for 1 h, and then
the mixture was allowed to stand at 20 + 1 °C for 1 h. After centrifugation in a
5810 R centrifuge (3,000 xg; 20 min), the weight of the residue was calculated

and the OHC was expressed as the percentage of oil retained per g of sample.

3.2.8. Antioxidant Activity

3.2.8.1. Total Phenolic Content (TPC)

The TPC was determined as described by [15]. CC (0.5 g) was mixed with 10 mL
of 80% methanol. First, 250 uL of CC dispersion were placed in a tube with 200
uL of Folin-Ciocalteu reagent and added 1250 pL of DDW. The tube was shaken
briefly and allowed to rest for 3 min. Subsequently, 300 puL of sodium carbonate
(15% wi/v) was added and incubated at 20 + 1 °C for 30 min. Absorbance was
measured at 760 nm (Genesys 10S UV-VIS spectrophotometer, Thermo Fisher
Scientific, Waltham, MA, USA). Additionally, a standard curve of gallic acid was
prepared (0 — 60 mg). TPC content was expressed as mg of gallic acid equivalents
(GAE) g* of dry sample.

3.2.8.2. Ferric Reducing/Antioxidant Capacity (FRAP)

The antioxidant activity was evaluated using the FRAP method according to the
methodology described by [16]. Aqueous dispersions of the composites (50 mg
mL1) were diluted in acetate buffer (pH = 3.6). Subsequently, aliquots of 25 uL of
the dispersions were mixed with 175 uL of FRAP reagent solution composed of:
2.5 mL of TPTZ solution (10 mM) in HCI (40 mM), 25 mL of acetate buffer solution
0.3 M (pH =3.6), and 2.5 mL of FeCl3*6H20 solution (20 mM). Finally, the samples
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were incubated for 30 min at 37 °C in the dark, and the absorbance was measured
using a Genesys 10S UV-VIS spectrophotometer at 593 nm. Acetate buffer was
used as a blank, and a standard curve was prepared with different concentrations
of Trolox (50-600 pM). The results were expressed as pmol Trolox equivalents

(TE) gt of dry sample.

3.2.8.3. ABTS™ Assay

The method described by Rasera et al. [17] was used to determine the ABTS™
radical scavenging capacity of the CCs, with some modifications. A mixture of 5
mL of 7 mM ABTS (2,2 -azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
solution and 88 pL of 140 mM potassium persulfate (K2S20s) was prepared. This
mixture was kept in the dark for 16 h before use. After this period, the solution
was diluted with ethanol to achieve an absorbance of 0.700 + 0.002 at 734 nm
using a Genesys 10S UV-VIS spectrophotometer. For the assays, 960 pL of the
ABTS™ radical solution was mixed with 40 yL of aqueous dispersions of the
composites (50 mg mL), allowed to react for 6 min, and the absorbance was
measured at 734 nm, with distilled water used as a control. A standard curve was
prepared with different concentrations of Trolox (50-600 uM). Antioxidant activity

was expressed as uymol Trolox equivalents (TE) g* of dry sample.

3.2.9. Emulsifying Capacity (EC) and Emulsifying Stability (ES)

Oil-in-water emulsions were formed as described by [18], with some
modifications. The dispersed phase was made up by 10 g of canola oil, which was
gradually poured into 90 g of CC dispersion (4% w/w) continuously stirred at 8800
rom for 5 min with an Ultra-Turrax® T50 high shear basic homogenizer (IKA
Works, Inc., Wilmington, DE, USA). Subsequently the suspensions were
centrifuged at 1300 x g for 5 min. The emulsifying capacity (EC) was calculated

by means of the expression [11]:

EC = ‘:— X 100 7)
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where ev is the emulsion volume and tv is the total volume. To assess the emulsion
stability (ES), the dispersion was heated in a water bath at 80 oC for 30 min, and
then centrifuged at 1300 x g for 5 min. The ES was estimated as follows [11]:

ES =1 x 100 (8)

levy

where fev is the final emulsion volume and iev is the initial emulsion volume.

3.2.10. In vitro Protein Digestibility

Multienzyme assay of Elsohaimy et al. [19] was employed to determine in vitro
protein digestibility of CC. Briefly, a CC sample (63.8 mg) was added with 10 mL
of DDW and pH adjusted to 8.0 with 1 N NaOH. The sample was digested during
10 min at 37 °C by adding 1 mL of the following enzyme solution: 1.58 mg of
porcine pancreatic trypsin (type 1X, 15,310 units-mg-1 protein), 3.65 mg of bovine
b pancreatic chymotrypsin (type Il, 48 units-g—1 of solid), and 0.45 mg of porcine
intestinal peptidase (P-7500, 115 units-mg—-1 of solid) (Sigma-Aldrich Co., St.
Louis, MO, USA). After, 1 mL (1.48 mg) of bacterial protease (type XIV, 4.4
units-mg—-1 of solid) ) (Sigma-Aldrich Co., St. Louis, MO, USA) solution, was
added and digestion was continued for 9 min at 55 °C. The pH value of the mixture
was determined after 1 min and used to calculate the in vitro protein digestibility
(PD):

PD (%) = 234.84 — 22.56X 9)

where X is the pH of the suspension after 20 min of digestion.

3.2.11. Statistical Analysis

All experiments were done in triplicate from three independent experiments using
a randomized experimental design and values were expressed as mean values +
SD. Data were subjected to simple classification analysis of variance and in
pertinent cases to Tukey's mean comparison analysis. Significance was
established at p < 0.05. Data analysis was performed with the SAS version 9.4
statistical package (SAS Institute Inc., NC, USA).
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3.3. Results and Discussion

3.3.1. Characterization of the Cherimoya Fruit

The pulp represented 51.39 + 8.26%, the peel 33.83 + 6.91%, and the seed 10.40
* 2.78% of the fruit. Around 178 seeds were obtained per kilogram of cherimoya
fruit, equivalent to 103.19 g of seed (fresh weight). Apolonio et al. [9] conducted
a study to observe data variability among varieties and crosses, obtaining ranges
of 78.03-93.71% for pulp, 1.96-15.41% for peel, and 4.30-8.75% for seeds. The
differences found could be due to genetic characteristics, ripeness state,
agricultural practices, and fruit origin [10]. The width, length, and thickness (cm)
of the cherimoya seeds (n = 100) were 0.95 + 0.09, 1.62 + 0.10 and 0.66 + 0.05,
respectively. These values align with those of Pinto et al. [11] who reported a
length of 1.5-2 cm and width: ~1 cm. The obtained seed index was 37.49 + 3.16
seeds 100 g of pulp. This value is higher than that reported by Apolonio et al. [9]
for cherimoya fruit cultivars 'Campas,’ 'Bonita," and 'White," with a seed index of

8.1, 8.0, and 9.9 seeds 100 g of pulp, respectively.

Cuadro 7. Cherimoya seed composite yield and chemical composition.

Cherimoya Seed Composite

CCro CCso CCoao
Yield (%) 20.58 + 0.28" 21.05 £ 0.042 18.35 £ 0.41°
Ash (%) 6.87 + 0.01° 6.52 + 0.00¢ 7.06 +0.112
Protein (%) 70.14 + 0.702 68.78 + 0.32° 65.84 + 0.11¢
Fat (%) 0.86 + 0.01¢ 2.31 +£0.212 1.45+0.11°
Crude fiber (%) 0.75 + 0.00° 0.72 £0.03¢ 0.82 + 0.002
Carbohydrate (%) 21.40 £ 0.70° 21.68 + 0.49P 24.84 £ 0.332

Mean + standard deviation. Superscripts with different letters in the same row indicate significant
differences (p < 0.05). CC7o, CCs0, CCo0: cherimoya seed composite extracted at 70, 80 and 90
°C, respectively.

3.3.2. Composition and Morphology

Defatted kernel flour obtained from cherimoya seeds contained in dry basis: 28.87
+ 0.22% of protein, 36.09 + 0.94% of carbohydrate, 25.69 + 0.54% of crude fiber,
6.47 £ 0.57% of fat, and 2.90 £ 0.05% of ash. The CC moisture content ranged
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from 6.06 to 7.34%, and the proximal composition was expressed on dry basis
(db) (Cuadro 7). The chemical composition of the CC was significantly affected (p
< 0.05) by the extraction temperature. CC yield and protein content was higher at
80 °C than at either 70 or 90 °C, with carbohydrate content showing an inverse
trend with regard that of the protein content. The monosaccharide composition of
CCso per 100g db, determined by HPLC was as follows: glucose (8.69 + 0.05),
fructose (8.23 + 0.06), xylose (5.65 = 0.05), galactose (3.64 £ 0.01), and mannose
(3.36 = 0.01). These results demonstrated that CC is a heterobiopolymer that
harbors acidic and neutral monomers. Xylose, galactose and mannose
represented the neutral monomers, while glucose (G) and fructose (F) are among
the acidic monomers. Glucose is the main component (29.39%), followed by
fructose (27.89%), so that CC can be considered had a glucofructan structure.
The G/F ratio was ~1.05. SEM micrographs at a magnification of 1000x showed
that the surface morphology of the CCs was characterized by large and small
irregular shaped particles without cracks or interruptions and layered structures
(Figura 2). Composite displaying these characteristics have been proposed as

candidates for micronutrients entrapment [12].
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Figura 2. SEM micrographs of cherimoya seed composites (CCs) extracted at:
70 °C (CC0), 80 °C (CCso), and 90 °C (CCg0). Magnification 1000 x.
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3.3.3. Color

The color parameters L*, a* and b* of the CC were significantly lower as the
extraction temperature was lower (Cuadro 8). The small positive values of a* are
indicative that CC displayed a slight red tonality which increased with extraction
temperature, probably due to reddish pigments contained in the seed coat [13].
The positive b* values indicate a tendency to exhibit a yellowish color, probably
due to lipid or carotenoids contents. The L* values which ranged from 33.20 to
55.95, indicate that the CC color tended to become more white or luminous with
increasing extraction temperature, probably due to the decrease in the

carbohydrate, crude fiber and lipids contents (Cuadro 7).

3.3.4. Swelling Index (SI), Water Solubility Index (WSI), Water Absorption
Capacity (WAC), and Oil Holding Capacity (OHC)

The Sl ranged from 186.8 to 220.1%, with CCso exhibiting the highest value
(Cuadro 8). The Sl values displayed by the CCs were 2 to 3-fold higher than those
reported for tamarind gum (81.8%) and gum karaya with different color (white to
amber; red to tan; brown to black) and content of bark and foreign organic matter
(BFOM) [14]. The Sl ranged from 22.3% for the composite with darkest color and
highest BFOM to 69.0% for the gum with whiter color and lower BFOM. Both
tamarind gum and gum karaya swelling indexes classify them as having good
water intake capacity, which means that cherimoya seed composite can be
considered as having superior SI. WSI values ranged between 43.2 to 46.8%,
with CCro exhibiting the highest value (Cuadro 8) and were lower than those
reported for natural Indian gums such as tamarind (73.3%), karaya (60.1%), ghatti
(71.6%), tragacanth (65.2%), psyllium (62.0%), and babchi (81.9%) (Sarkar et al.
2018). The WAC and OHC of the CC increased significantly (p < 0.05) as the
extraction temperature increased (Cuadro 8). Higher WAC values have been
associated with higher hydroxyl and protein residues contents in biopolymer
structures [15]. This is consistent with the results of the protein contents for CC in
Cuadro 7. The OHC values of the CC were like those reported by [16] for kenaf
(317%), guar (285%), and carob (308%) gums. OHC has been related to the
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nonpolar molecules contained in gums, which confer them with a higher ability to

trap larger amounts of oil molecules, and also with the ability to prevent fat and

flavor losses during food processing [17].

Cuadro 8. Physicochemical and antioxidant properties of cherimoya seed
composite as function of extraction temperature.

Color

L*

a*

b*

Aw

BD (g mL™?)

TD (g mL?Y)

HR

Cl

WAC (%)

OHC (%)

SI (%)

WSI (%)

TPC (mg GAE g?)
FRAP (um TE g)
ABTS™ (um TE g1)
EC (%)

ES (%)

PD (%)

Cherimoya Seed Composite

CCo

33.20 + 0.28°
3.24 +0.01°
11.74 + 0.08°
0.302 + 0.003¢
0.53 +£0.012
0.71 £0.01°
1.35 £ 0.04°
0.256 + 0.023°
140.31 + 4.49¢

317.20 +1.70¢
205.0 £ 1.41°
46.80 + 0.002
64.76 + 2.70°

7.04 +£0.11°
53.93 + 7.58P
70.10 = 0.142
90.25 + 0.022
88.31 + 0.16°

CCso

43.35+0.23°
3.45 +0.03°
13.91 + 0.09°
0.354 + 0.0032
0.48 + 0.00°
0.73 £ 0.00°
1.52 +0.012
0.341 + 0.0062
187.68 + 2.05P
335.40 + 0.85°
220.1 +1.482
43.20 + 0.00¢
65.98 + 3.45P
7.62 £ 0.32%
53.04 +1.18°
56.06 + 0.42°
86.30 + 0.01°
93.05 +0.482

CCa0

52.95 + 0.892
4.50 + 0.062
16.98 + 0.182
0.345 *
0.53 +0.002
0.74 +0.002
1.39 £ 0.01°
0.280 *
239.99 + 3.482
375.80 + 3.68?2
186.8 £ 1.13¢
45.60 + 0.57°
68.83 + 1.522
8.69 + 1.612
63.40 + 4.282
50.76 + 0.06°
81.18 +0.07¢
92.94 +0.002

Mean + standard deviation. Superscripts with different letters in the same row indicate significant
differences (p < 0.05). CC7o, CCso, CCo0: cherimoya seed composite extracted at 70, 80 and 90 °C,
respectively. Aw: water activity; BD: bulk density; TD: tapped density; HR: powder cohesion index;
Cl: compressibility index; WAC: water absorption capacity; OHC: oil holding capacity; Sl: swelling
index; WSI: water solubility index: TPC: total phenolic compounds; FRAP: ferric reducing/antioxidant
capacity; ABTS: antioxidant capacity by ABTS* assay; EC: emulsifying capacity; ES: emulsifying
stability; PD: protein digestibility.

3.3.5. {-potential and Particle Size

The CCs exhibited a (-potential that changed in value and sign as a function of

pH and extraction temperature (Cuadro 9). At pH 2, all the CCs displayed positive
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¢-potential values that varied as follows: CC7 = CCgo> CCo0. As pH increased to
4, the C-potential values for CC70 and CCso became negative, but for CCgo
remained positive. Further increases in pH to 6 and 8, produced negative (-
potential values in all the CCs, with CCro exhibiting the highest negative value at
pH 8. The magnitude of -potential values of the CC samples was of the order
reported for flaxseed mucilage from seven different cultivars which ranged from -
19.80 + 1.21 mV to -9.25 £ 0.76 mV as the pH varied from 6.25 to 6.70. Barreto
et al. [18] mentioned that an anionic character of gums can be due to the presence
of negative carboxylate groups (COO") derived from the ionization of carboxyl
groups (-COOH), with the increasing negative values occurring due to the
ionization of a greater number of carboxyl groups to carboxylate groups as the pH
became more basic. The presence of negative electric charge at neutral and
alkaline pH in the CCs characterizes them as anionic polyelectrolytes, with various
potential applications in the food industry, e.g., for forming complex coacervates
through their interaction with cationic polyelectrolytes. The hydrodynamic
diameter dn significantly decreased (p < 0.05) with increasing pH (Cuadro 9),
regardless of the extraction temperature. The smaller dh occurred as the carboxyl
groups ionization increased with increasing pH values, imparting an increasingly
negative charge to the CC molecules. As a result, strong repulsion forces between
CC molecules arise, which inhibit their aggregation, and result in decreased
particles sizes. The average size and patrticle distribution of hydrocolloids are
important parameters regarding hydration speed, dissolution rate, and emulsifying

capacity.

3.3.6. Antioxidant Activity

The TPC content of the CCs (mg GAE g) varied as follows: 64.76 (CC70) = 65.98
(CCs0) < 68.83 (CCo) (Cuadro 8). The TPC values for CC extracted at any
temperature were superior to that reported for basil seed gum (-4 mg GAE g),
although the latter gum was extracted at 25 °C, assisted by ultrasonication [19].
FRAP values of the CC varied with the extraction treatment from 7.04 to 8.69 umol

TE g7, i.e., the value increased with higher extraction temperature (Cuadro 8).
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Although these values indicate that CC has the capacity to donate electrons to
react with free radicals, also indicate that it has a low capacity to reduce ferric
ions; for example, the gum extracted from the seeds of Gleditsia capsica exhibited
a FRAP of 30 TE g [20]. The capacity of CC to scavenge the ABTS™ radical
increased significantly (p < 0.05) with increasing extraction temperature, ranging
from 53.04 to 63.40 umol TE g (Cuadro 8). These values fall within the reported
values of ABTS™ scavenging capacity of various hot-water-extracted
polysaccharides from fruits like goji berry, kiwi, blueberry, and cherry (2.8 to 159.3
umol TE g?) [21]. A positive correlation between ABTS™ radical scavenging
activity and TPC existed. Given that CCgo has a higher content of TPC, it is to
expect that the highest ABTS™ radical scavenging activity was also observed at
the 90 °C extraction temperature.

Cuadro 9. C-potential and hydrodynamic diameter (dn) of cherimoya seed
composite as function of pH.
Parameter Gum pH 2 pH 4 pH 6 pH 8

CCwo 18.1+0.72 -19+0.2° -17.3+1.2° -235+0.4°
CCs0 18.7+0.1* -6.1+0.0° -13.3+1.82 -21.3+0.82
CCo0 14.0+0.2° 40+0.02 -158+07°> -21.3+0.92
CC70 550.4+1.72 473.2+4.7° 325.7+8.6° 145.8 +2.0¢
dn (Nnm) CCs 628.7+5.92 576.0+5.1° 2958 +2.7¢ 271.1+4.5¢

CCo0 490.6 £8.52 430.4+6.1° 375.1+4.6° 359.3 +7.2¢

Mean + standard deviation. CC7o, CCso, CCoo: cherimoya seed composite extracted at 70, 80 and
90 °C, respectively. Dn: hydrodynamic diameter. Different superscripts for -potential values in the
same column indicate significant differences (p < 0.05). Different superscripts for dn values in the
same row indicate significant differences (p < 0.05).

C-potential
(mV)

3.3.7. Emulsifying Capacity (EC) and Emulsion Stability (ES)

Significant highest EC and ES were showed by the CC~o in comparison with those
showed by CCso and CCgo (Cuadro 8). In general terms, it has been found that EC
and ES are mainly influenced by a combination between the
protein/polysaccharide ratio and the total concentration of composite used for
forming the emulsions [16]. In this work, the total concentration of CCs used was
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the same for all the prepared emulsions, but the differences in the chemical
composition of the CCs as an effect of the extraction temperature (Cuadro 7)
resulted in different protein/polysaccharide ratios, which varied as follows: CCro
(3.28) > CCso0 (3.17) > CCo (2.65). As higher protein content more protein
molecules achieve rapid adsorption at the interface and complete coverage of the
oil droplets occurs. EC is a punctual initial condition achieved. ES provides
information about the long-term stability of the emulsion droplets to aggregative
instabilities and droplet size growth. The carbohydrate fraction of the composites
plays an important role, providing stability to the emulsions. Thus, the interactive
roles of the protein and polysaccharide relative fractions have bearing on the
attractive and repulsive forces arising between the emulsion droplets, on
continuous phase viscosity, and on the rheological interfacial properties of the
adsorbed gum layers [22].

3.3.8. In vitro Protein Digestibility

Cuadro 8 displays the in vitro protein digestibility (PD) for the different extraction
conditions. The increase of the extraction temperature favored the protein
digestibility. Farjami et al. [23] indicated that thermal treatment helps to increase
the surface area of protein chains by promoting the unfolding of tertiary (50-60
°C) and secondary (60-90 °C) structures. Thermal treatment tends to increase the
surface hydrophobicity of the protein, as it allows the exposure of hydrophobic

amino acids to the surface [24].

3.4. Conclusions

The impact of the extraction temperature (70, 80 and 90 °C) on the
physicochemical, antioxidant, functional, and structural properties of cherimoya
seed composite were assessed in the present work. Composite yield increased
from 18.35-20.58% on dry basis with increasing temperature. The extraction
temperature affected the chemical composition with CCro displaying the highest
protein content, and CCgo the highest carbohydrate content. The differences in
chemical composition caused CC to display different physicochemical properties

such as water and oil absorption capacities, swelling index, which influenced oil-
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in-water emulsifying capability and stability capability of cherimoya seed
composite. The results indicate that specific physicochemical properties and
structural features of cherimoya seed composite can be modulated by selecting
an appropriate extraction temperature for achieving desired functional properties

in specific applications.
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4. CONCLUSIONES GENERALES

Este estudio destaca el potencial de la goma extraida de semillas de chirimoya
(Annona cherimola Mill.) como un biopolimero funcional con propiedades
fisicoquimicas ajustables mediante la modificacion de la temperatura durante el
proceso de extraccion acuosa. Las semillas de chirimoya representan una fuente
rica en polisacaridos y compuestos bioactivos, pero actualmente son

consideradas un subproducto agroindustrial sin aprovechamiento.

Al aplicar temperaturas de extraccion de 70, 80 y 90 °C, se observaron diferencias
significativas en las propiedades del compuesto de semilla (CC). En patrticular, el
incremento de la temperatura favorecio la actividad antioxidante y la digestibilidad
proteica in vitro, mientras que el contenido de proteina disminuy6 ligeramente.
Asimismo, las propiedades funcionales, como la capacidad de absorcién de
agua, solubilidad, retencién de aceite y estabilidad emulsificante, se vieron

favorecidas por la temperatura de extraccion.

Por lo tanto, fue posible obtener compuestos con distintas propiedades
funcionales ajustando el parametro de temperatura, lo cual puede ser relevante
para aplicaciones en la industria alimentaria. El andalisis microscépico revel6 que
la estructura del CC presentd una morfologia en capas, independiente de la
temperatura de extraccion. Asimismo, el analisis de potencial { y tamano de
particula mostré que las caracteristicas coloidales del compuesto varian segun
las condiciones del medio, como el pH, lo cual podria influir en su comportamiento

en diferentes sistemas alimentarios.

En consecuencia, el compuesto de semilla de chirimoya exhibié un
comportamiento tecnofuncional adecuado para su uso como estabilizante de

emulsiones, agente espesante o aditivo proteico en formulaciones alimentarias.
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Su aplicacién podria representar una alternativa viable y sostenible para la

valorizacion de residuos agroindustriales.

En resumen, la goma de semilla de chirimoya puede ser empleada para
desarrollar ingredientes funcionales cuyas propiedades pueden ser moduladas
mediante el control de la temperatura de extraccidon. Sin embargo, se requieren
estudios adicionales para evaluar su desempefo en matrices alimentarias reales,
asi como su viabilidad econdémica y aceptacion sensorial en aplicaciones

comerciales.
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Abstract

Chenmova (dnrona cherimofa Mill) 15 a tropical crop widely distributed 1n Latin America, valued for its fruit and tra-
dittonal medicinal properties. The fruit contains biological compounds with varnous health benefits (e.g., anthelmintic,
anti-inflammatory and antihyperglyeemic) During pulp separation a significant number of seeds (~13%) 15 generated. This
last non-edible fraction, considered an environmental contaminant of the agroindustry, constitutes an interesting alternative
source of a wide variety of macromolecules that can potentially confer desired functional properties to pharmaceutical
and food matrices. In this sense, this study aimed to develop a chenmoya sced composite (CC) and mvestigate the effect
of extraction temperature on its antioxidant, tunctional, physicochemical, and i vitro protein digestibility properties. CC
was obtained through aqueous extraction of defatted kemel flour at 70, 80 and 90 °C, followed by characterization of its
physicochemical, functional, and in vitro protein digestibility propertics. Microscopy analysis revealed a layered structure
in the CC, regardless of the extraction temperature. The results showed that highest extraction temperature (90 *C) posi-
tively affected antioxidant activity (63.40+4.28 pm TE g™') and protein digestibility (92 94%) but negatively impacted
emulsification capacity (530.76£0.06%) and stability (81.18+0.07%). Water absorption capacity was positively cormrelated
with extraction temperature, showing the highest value at 90 °C (239.99+3.48%). Overall, this study demonstrates the
potential of CC as a valuable ingredient in the food industry, suitable for use as an emulsion stabilizer, protein additive,
and thickener.
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cherimoya or apple custard, is native to Latin America
and widely distributed throughout tropical and subtropi-
cal regions of Latin America and Asia [1]. For centuries,
its leaves, pulp, bark, root, and seeds have been used in
traditional medicine, providing a rich source of biologi-
cal compounds with pharmacelogical properties, including
anthelmintie, anti-inflammatory, antithyperglycemic, anti-
pyretie, antioxidant, antimicrobial, healing, and evtotoxic
activities [1, 2]. These compounds include phytochemicals
such as tanmins, alkalowds, phenols, glycosides, flavonods,
and steroids. The fruit pulp (Fig. 1) 15 not only prized tor
its pleasant favor but also for its high nutritional value,
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